n = 10) differed in the number of increments and in the speeds of walking. Patients performed three shuttle walking tests one week apart. Then the performance ofpatients (group C, n = 15) in the six minute walking test was compared with that in the second (modified) shuttle walking test protocol. Heart rate was recorded during all the exercise tests with a short range telemetry device.
Results The 12 level modified protocol provided a measure of functional capacity in patients with a wide range of disability and was reproducible after just one practice walk; the mean difference between trial 2 v 3 was -2-0 (95% CI -21'9 to 17-9) m.
There was a significant relation between the distance walked in the six minute walking test 
Methods

PATIENTS
The patients were recruited from medical clinics and given a full explanation before informed consent was obtained. Patients known to be hypoxic with cor pulmonale or ischaemic heart disease were excluded, as were subjects with neurological or locomotor disorders. Patients had no alteration made to their medication during the study.
Three groups of patients were recruited on the basis of convenience. Groups A (n = 10) and B (n = 10) participated in the reproducibility studies of the downgraded and modified shuttle walking protocols respectively, and group C (n = 15) was recruited for the comparison of the shuttle walking test with the six minute walking test. Table 1 shows the physical characteristics of the three groups. The study was approved by the local ethical committee.
EXERCISE TEST PROCEDURES
Shuttle walking test The shuttle walking test required the patient to walk up and down a 10 m course. The course was identified by two cones inset 0 5 m from either end to avoid the need for abrupt changes in direction (fig 1) . The speed at which the patient walked was dictated by an audio signal played on a tape cassette, originally generated from a BBC microcomputer. The accuracy of the timed signal was ensured by the inclusion on the tape of a calibration period of one minute.
The explanation to the patient was standardised and played from the tape before the start of the test. The patient was advised: "Walk at a steady pace, aiming to turn around when you hear the signal. You should continue to walk until you feel that you are unable to maintain the required speed without becoming unduly breathless. " The start of the test was indicated by a triple bleep. Thereafter the tape emitted a single bleep at regular intervals, at which point the subject attempted to be at the opposite end of the course-that is, by the time the patient heard the signal he should be turning round the cone to proceed back down the course. Each minute the speed of walking was increased by a small increment. For example, in the modified protocol the increase was 0-17 m/s each minute, so the patient was required to walk progressively faster. A change of speed to the next level was indicated by a triple bleep from the tape recorder. The first speed of walking was referred to as level 1, the second as level 2, and so on. Each level lasted for one minute and the tape continued for 10 levels in the downgraded protocol and for 12 in the modified protocol. The number of shuttles (10 m lengths) in each level was dictated by the walking speed at that level (table 2) . For example, the modified shuttle walking test protocol required the patient to complete three shuttles in the first level. The number of shuttles the patient was required to complete within consecutive levels increased by one-that is, for level 2 four shuttles, for level 3 five shuttles, and so on. Figure 2 shows the total number of shuttles completed at the end of each level. To help the patient to establish the routine of the test and the first, very slow, speed of walking, the operator walked alongside for the first minute. The patient had 20 seconds to complete each of the three shuttles in the first minute. 
Results
There was no significant difference in the scoring of the four components of the Chronic Respiratory Disease Questionnaire between the three separate visits for groups A, B, or C. All the patients were clinically stable throughout the trial (FEV1 values remained similar within each group). The patients were therefore both physically and psychologically stable during the study. No patients were excluded or withdrew from the study of either the downgraded or the modified protocol. The patients did not find it difficult to pace themselves correctly. Nor was any patient "disqualified" because the speed of walking was misjudged. The agreement between trials was examined in two different ways. The starting point was to examine the relationships between distances walked in trials 1, 2, and 3. In addition, the agreement between the results of the three trials was examined on the basis of the mean difference (d) and the 95% (CI) for this bias'0 (table 3) .
REPRODUCIBILITY STUDIES Downgraded shuttle walking protocol (group A)
The distance walked ranged from 20 to 510 m-that is, the end of the 10 level protocol-with a mean distance of 211, 211, and 222 m for trials 1, 2 and 3 ( fig 3A) . There was no significant difference in performance between trials. The relationship between performance in the three trials was strong (table 3) . The mean maximal heart rate attained was 114, 111, and III beats/min for trials 1, 2, and 3 respectively ( fig 3B) .
Modified shuttle walking protocol (group B)
Distances walked ranged from 90 to 520 mthat is, from level 2 plus two shuttles of level 3 to the end of level 8-with mean values of 345, 376, and 378 m for the three trials ( fig 3A) . No patient completed this 12 fig 3B) . The relationships between the distances walked on each trial were strong (table 3)-for example, r = 0-98 for trial 2 v trial 3. Table 3 shows that for 95 patients out of 100 the recorded walking distance in trial 3 would be within -21-9 to 17 9 m of that recorded for trial 2. The mean difference between these two trials was -2 m.
As with other studies examining patients' group.bmj.com on June 26, 2017 -Published by http://thorax.bmj.com/ Downloaded from steady state rarely being achieved.14 Consequently, patients' symptoms are probably more likely to be revealed or identified during an incremental exercise test rather than a self paced exercise test. The six and 12 minute tests have no standardised pace or incremental facility. Whether the cardiorespiratory system is stressed maximally depends on the manner in which the test is conducted and the amount of encouragement offered. Inconsistencies of this nature probably contribute to the considerable variation in the walking performance reported for clinically similar groups ofpatients between studies.4"5'6 This makes it difficult to make valid comparisons between studies.
The shuttle test fulfils the basic criteria for an exercise test for pateints with chronic airways obstruction. It is based on a familiar activity and, unlike cycle ergometry or treadmill walking, is simple for both the operator and the patient. It requires minimal equipment and has the advantage that it is standardised, incremental, and externally paced, diminishing the effect of the operator's influence.
Although the operator walks alongside for the first minute in the shuttle walking test this does not encourage the patient to walk faster because pacing is imposed by the audio signal. It does, however, help the patient to establish the slowest speed of walking and therefore creates the base speed on which to increase speed. In the first minute it was usually necessary to slow the patient down as the less severely affected patients found it difficult to walk slowly enough. Although the operator then sits alongside the course no encouragement is offered and his or her influence is minimised because the external pacing does not allow the patient to walk faster.
External of the shuttle walking test can be examined and reinforced by using the results of both protocols as the structure and procedure of these externally paced walking tests were the same. Consequently, the modified protocol was used for the second stage of the study. Furthermore, only one practice walk appeared to be necessary. The patients in group B performing this modified protocol walked significantly further in the second and third trial than in the first, suggesting that meaningful results can be obtained after just one practice walk. Reproducible results are obtained regardless of whether the patient completes one level (one minute) or 12 levels (12 minutes).
The defined speeds of walking in the shuttle test ensure that the work load increases in a manner that provides an incremental and quantitatively similar cardiorespiratory stress for all the patients. The heart rate response ( fig 5) provides evidence of this graded cardiovascular response, not observed in the six minute walking test. The shuttle test, unlike the six or twelve minute walking tests, where effort may be maximal from the start, stresses the patient progressively to a symptom limited maximum. This gradual increase in exercise intensity increases the safety of the test. Consequently, the shuttle test may reveal cardiovascular limitations to exercise and may have the potential for use as an exercise test for conditions other than lung disease. Secondly, the shuttle test can yield an outcome measure that is easily applied to exercise rehabilitation for patients with both cardiac and respiratory conditions. The mean maximal heart rates obtained in our patients (fig 3B) , however, are clearly lower than would be expected for the median age of the group, which is consistent with a ventilatory limit to functional capacity in these groups. We anticipate that the shuttle walking test will have a role in the prescription of exercise in this group ofpatients. By calibrating a patient's response to the test (heart rate, Borg scale) a suitable walking speed can be judged for a training programme.
It has been reported that an externally paced step test is a reproducible and standardised method of assessing functional capacity in normal subjects.'7 The performance of patients with severe chronic airways obstruction in a paced step test, however, shows a pronounced learning effect.'2 A 96% improvement in performance over the first four tests has been reported. In the same study patients were also observed to have a lower ventilatory response and therefore maximal oxygen uptake (Vo2 max) response to a self paced walking test than to the paced step test. This indicates that patients tend to select a speed that is comfortable rather than stress themselves with a symptom limited performance. They would consequently fall short of attaining their Vo2 max in a self paced walking test.
The step and the shuttle walking test both use less space than a self paced corridor test.
Stepping may not be a familiar activity and coordination may be difficult for this group of patients. Limitation to this type ofexercise may in practice be muscle weakness or soreness rather than ventilation. In addition, the step test appears to have poor reproducibility. 12 The shuttle walking test offers an alternative to the self paced walking test and the paced step test and is a substitute for both.
The modified shuttle walking test we have described is, after one practise walk, a reproducible, easily administered, standardised exercise test of functional capacity in patients with chronic airways obstruction. We recommend its use for the objective assessment of patients with a wide range of respiratory disability.
The shuttle walking test tape and instruction leaflet may be obtained from the department of respiratory medicine, Glenfield General Hospital, Leicester LE3 9QP.
